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Abstract — Sleep apnea hypopnea syndrome (SAHS) is con¬ 
sidered as a major health problem causing increased risk of 
cardiovascular problems. One of the most often used parame¬ 
ters to assess the severity of SAHS is apnea hypopnea index 
(AHI). It is calculated as the average amount of total cessations 
of breathing (apnea events) and partial reductions in breathing 
(hypopnea events) per hour of sleep. AHI only takes into ac¬ 
count the total number of events regardless of their true na¬ 
ture. In this paper ambulatory poly graphic recordings of 19 
male patients were analysed and the blood oxygen desatura¬ 
tion delay (BODD) studied in estimating the cardiovascular 
stress associated with sleep disordered breathing. The delay of 
the desaturation event occurring after apnea and hypopnea 
events were studied. Correlation with AHI and the delay pa¬ 
rameter is modest and it shows variation between patients with 
similar AHI. This suggests that the delay parameter may pro¬ 
vide additional information about the probably varying car¬ 
diovascular stress in patients with similar AHI and in the 
diagnostics of sleep disordered breathing in general. 
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i. Introduction 

Sleep apnea hypopnea syndrome (SAHS) is characterised 
by excessive daytime sleepiness [1]. It is a complex public 
health problem with estimated prevalence of 2% in adult 
women and 4% in adult men [2]. Many researchers, how¬ 
ever, believe that the true prevalence of the syndrome is 
heavily underestimated [3,4]. Apnea and hypopnea events 
are defined as cessation or reduction (<50%) of breathing 
for more than ten seconds [1,5]. Hypopnea needs to be also 
associated with blood oxygen desaturation or arousal event 
[1,5]. SAHS can cause cardiovascular problems [6,7] be¬ 
sides the impairment of daytime functions and it is also a 
risk factor for mortality [7,8]. Early diagnosis and estima¬ 
tion of the severity of sleep disordered breathing is vital to 
ensure treatment and prevention of worsening of the disease 
and related health problems. 

Today the gold standard method for diagnosis SAHS is 
polysomnography (PSG). In polysomnography breathing is 
estimated by using several sensor measuring number of 
physiological signals [1,5]. From these physiological signals 


various parameters can be computed based on the visual or 
automated analysis of the data. Polygraphy (PG) is a lighter 
version of PSG that includes all the physiological signals 
related to respiration of PSG excluding electro¬ 
encephalography (EEG) measurements. 

One of the most commonly used parameter for evaluating 
the severity of the syndrome is the Apnea-Hypopnea index 
(AHI) [1,5]. It is defined as the average number of apnea 
and hypopnea events per hour during the sleeping period 
[1,5]. Besides AHI sub-indexes such as apnea index (AI) 
containing the average number of apnea events per hour and 
hypopnea index (HI) containing the average number of 
hypopnea events per hour are used [1,5]. Besides the breath¬ 
ing events oxygen saturation drops are also commonly 
evaluated [1,5]. Oxygen desaturation index (ODI) contains 
the average number of desaturation events per each hour of 
the sleeping period [1,5]. It must be noted that AHI, AI, HI 
and ODI take into account only the average number of the 
apnea and hypopnea events or the average number of de¬ 
saturation events occuring during the hours of sleep [1,5] 
regardless of the duration of the events or the nature of the 
saturation drop related to the event. 

There are four different severity categories related to 
AHI. Normal AHI < 5, mild 5 < AHI <15, moderate 15 < 
AHI < 30, and severe 30 < AHI. If SAHS remains untreated 
it has tendency to progress into more severe categories [9- 
11 ]. 

Commercially available PSG systems provide reports of 
the physiological signals measured. Typically these reports 
include mean and maximum values of e.g. the event dura¬ 
tions of apnea, hypopnea and desaturation events. There are 
recommendations that suggest that parameters such as num¬ 
ber of hypopnea and apnea events and minimum oxygen 
saturation value should be reported [5]. 

The parameters currently recommended for diagnostics 
of SAHS are focused on calculating the number of events 
[5] and do not take into account in more details the nature of 
the events or the relation between the desaturation and ap¬ 
nea and hypopnea events. In both cases after apneas and 
hypopneas the following desaturation can start at different 
times in relation to the start of apnea and hypopnea events. 
The delay of the desaturation following apnea and hypopnea 
events could provide valuable information about the ability 
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of the physiological system to compensate against sleep 
disordered breathing. This way one would gain additional 
information about the cardiovascular stress related to 
SAHS. When considering the limitations of traditional AHI, 
which takes into account only the average amount of the 
events per hour of sleep, the search for additional, more 
appropriate information is justified. This raises also the 
question whether AHI is the best tool for evaluating the 
patient status and prognosis. 

In the present paper, potential of the use of blood oxygen 
desaturation delay (BODD) in the diagnostics of SAHS and 
sleep disordered breathing in general was studied. 

ii. Patients and methods 

A. Recordings 

In the present study 19 ambulatory polygraphy recordings 
of male patients were analysed retrospectively. The median 
age of the patients is 53 years (range 36 - 73) and the me¬ 
dian BMI 27.2 kg m' 2 (range 22.0 - 34.3). The study was 
approved by the local ethical committee of Kuopio Univer¬ 
sity Hospital. Patients were referred to Kuopio University 
Hospital due to sleep problems and they were given the 
polygraphy recordings device and written instructions to 
perform the recordings at home. 


Table 1. Patient demographics. 


Patient 

# 

AHI 

(1/h) 

Age 

(years) 

Weight 

(kg) 

Height 

(m) 

BMI 

(kg/m 2 ) 

Disease 

severity 

1 

2.6 

55 

68 

1.76 

22.0 

NoSAHS 

2 

3.0 

56 

80 

1.73 

26.7 

NoSAHS 

3 

3.2 

47 

87 

1.83 

26.0 

NoSAHS 

4 

3.0 

46 

87 

1.80 

26.9 

NoSAHS 

5 

9.9 

59 

85 

1.78 

26.8 

Mild 

6 

9.9 

40 

72 

1.79 

22.5 

Mild 

7 

10.1 

54 

78 

1.75 

25.5 

Mild 

8 

10.7 

58 

85 

1.77 

27.1 

Mild 

9 

21.1 

52 

93 

1.85 

27.2 

Moderate 

10 

22.2 

49 

98 

1.72 

33.1 

Moderate 

11 

22.1 

36 

79 

1.67 

28.3 

Moderate 

12 

22.1 

56 

94 

1.79 

29.3 

Moderate 

13 

42.0 

56 

102 

1.88 

28.9 

Severe 

14 

41.8 

49 

88 

1.76 

28.4 

Severe 

15 

51.5 

73 

70 

1.70 

24.2 

Severe 

16 

51.2 

53 

95 

1.75 

31.0 

Severe 

17 

60.1 

53 

90 

1.67 

32.3 

Severe 

18 

70.0 

39 

105 

1.75 

34.3 

Severe 

19 

71.1 

58 

94 

1.68 

33.3 

Severe 



Figure 1. Example of the blood oxygen desaturation delay (BODD) cal¬ 
culated after hypopnea and apnea events. The window length is 150s. The 
delay is calculated as the time between the start of desaturation and apnea 
or hypopnea events. The curves from the top: thermistor, blood oxygen 
saturation, abdominal respiratory movements, and body position. 

For this study patients with similar AHI were randomly 
selected from each AHI severity category. From the three 
AHI severity categories (normal, mild, moderate) four pa¬ 
tients with similar AHI were randomly. As the range is 
wider in the severe class than in the milder ones seven pa¬ 
tients with different AHI were randomly selected from the 
severe category. The demographics of the patients are pre¬ 
sented in table 1. 

The polygraphic recordings were performed with Uni- 
salkku device (Neurotech Oy, Kortejoki, Finland) and con¬ 
sisted of four channels, thermistor for measuring the breath¬ 
ing ariflow, abdominal respiratory movements, blood oxy¬ 
gen saturation (Minolta Pulsox-7, Japan) by a finger pulse 
oximeter and body position sensor. All the signals were 
sampled at 4 Hz frequency. 

B. Analysis 

The recordings were analysed by an experienced medical 
physicist according to the standard respiratory rules [5]. For 
hypopnea scoring hypopnea rule 4A was used [5]. Each 
hypopnea event scored was followed by a desaturation 
event. 

A desaturation event was also linked to apnea event if the 
beginning of desaturation event was inside 60s window 
from the beginning of the apnea event. The delay from the 
beginning of hypopnea event to the beginning of the related 
desaturation event and the delay from the beginning of 
apnea event to the beginning of the related desaturation 
event were calculated. 

An example of hypopnea and apnea events and the re¬ 
lated desaturations and the calculated BODD is presented in 
figure 1. 
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The average blood oxygen desaturation delay related to 
hypopnea and apnea events and combined BODD related to 
both hypopnea and apnea events were then determined for 
each patient. The combined (apnea and hypopnea) average 
blood oxygen desaturation delay was correlated with AHI. 

hi. Results 

The mean BODD after hypopnea events (n=1352) and 
after apnea events (n=2210) were 25.8s and 24.5s, respec¬ 
tively. Based on the present results the blood oxygen de¬ 
saturation delays after both hypopneas and apneas show 
significant patient to patient variation independent of AHI 
(Figure 2.). The combined BODD (after both apneas and 
hypopneas) shows also inter patient variation and the varia¬ 
tion does not directly follow the severity classes of AHI 
(R 2 =23, n=19, Figure 3). 



Figure 3. Traditional AHI and combined (apnea and hypopnea) blood 
oxygen desaturation delay correlation. The correlation, denoted as R 2 , is 
modest, which suggest that desaturation delay can provide new information 
about the severity and consequences of sleep disordered breathing. 


iv. Discussion 

The traditional parameters such as AHI and ODI take into 
account the average number of events per hour occurring 
during sleep regardless of the nature of the events. This 
raises a question whether these commonly used parameters 
are the best tools for evaluating the severity of sleep disor¬ 
dered breathing. 



Figure 2. Significant patient to patient variation in the blood oxygen de¬ 
saturation delay independent of AHI. Panel A) AHI, panel B) average 
desaturation delay related to both hypopneas and apneas, panel C) average 
desaturation delay related to hypopneas, and panel D) average desaturation 
delay related to apneas. Patient number six did not have apnea events 
during the recording. 


In the current paper blood oxygen desaturation delay, 
BODD, parameter was calculated and evaluated. Desatura¬ 
tion delay was calculated for both apnea and hypopnea 
events separately and a combined delay for both events was 
also calculated and evaluated. In principle the BODD pa¬ 
rameter should provide information of the functionality 
sympathetic nervous system and the related cardiovascular 
stress and therefore valuable information in estimating the 
severity of sleep disordered breathing and the need of 
treatment of each individual. 

The BODD may reflect the physiological consequences 
of the hypopnea and apnea events and also the ability of the 
physiological system to compensate against these breathing 
abnormalities during sleep. Each individual may have dif¬ 
ferent properties in terms of coping with the breathing ab¬ 
normalities during sleep. 

The blood oxygen desaturation delay showed inter¬ 
patient variation independent of AHI. The moderate correla¬ 
tion with AHI may suggest that within patients with similar 
AHI there is inter subject variation in the related cardiovas¬ 
cular stress. Therefore the consequences of sleep disordered 
breathing may be different even with patients with similar 
average number of apnea and hypopnea events during hours 
of sleep. 

It is well known that sleep disordered breathing is related 
to cardiovascular problems and has relation also to the mor¬ 
tality of the patients [6,12]. With more detailed analysis of 
the sleep disordered breathing events the cardiovascular 
stress might be estimated in a new manner and the BODD 
parameter could bring new insights to the diagnostics and 
prognosis of sleep disordered breathing. 
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It seems that the delay parameter presented here should 
be further evaluated along with AHI in follow up studies of 
patients suffering from sleep disordered breathing. 

Sleep disordered breathing is a complex public health 
problem with increasing prevalence [3,13,14]. It is known 
that untreated SAHS has tendency to worsen over the years 
[9-11]. Therefore early diagnosis of sleep disordered breath¬ 
ing and novel means for estimating the true severity and 
need for treatment are needed to prevent the increasing risk 
of cardiovascular problems and mortality related to sleep 
disordered breathing. 

v. Conclusions 

Sleep apnea hypopnea syndrome is a complex public 
health problem with constantly increasing prevalence. Tra¬ 
ditionally the severity of the disease is estimated with pa¬ 
rameters such as apnea hypopnea index which takes into 
account the average number of events occurring during the 
hours of sleep. These kinds of parameters have limitations 
as the true nature of the events is often discarded. Also the 
relation of desaturation and hypopnea and apnea events is 
not investigated in detail. Blood oxygen desaturation delay, 
BODD, parameter consisting of the delay between breathing 
cessation events and partial breathing reduction (apnea and 
hypopnea) and desaturation events was studied here. The 
moderate correlation with AHI and inter patient variation of 
the novel parameter with patients with similar AHI suggests 
that there could be different cardiovascular stress related to 
sleep disordered breathing patients with similar AHI. The 
desaturation delay parameter might bring new insight in the 
diagnostics of sleep disordered breathing and the related 
cardiovascular stress. 
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